The limited number of valid and reliable questionnaires for the evaluation of exercise tolerance has stimulated the development of simple international assessment tools for this purpose, one of the most widely used of which is the Duke Activity Status Index (DASI). However, this index has not yet been translated and adapted to the Portuguese language. Objective: To develop a Brazilian version of the DASI and cross-culturally adapt it for the evaluation of cardiorespiratory fitness among patients with cardiovascular disease in Brazil. Materials and methods: The translation process involved four stages: initial translation, back-translation, multidisciplinary committee review and pre-test with 16 subjects (8 cardiac patients and 8 healthy individuals). Patients were screened from outpatient Cardiac Surgery, São Paulo Hospital. The Mann-Whitney and chi-square tests were employed to determine differences between controls and individuals with heart disease. Results: The sample was characterized by individuals aged ≥ 50 years who were mainly from the southeastern region of Brazil (62.5%)
Introduction
The assessment of cardiorespiratory fitness on a population level is important to the establishment of preventive strategies aimed at addressing risk factors, favoring a reduction in cardiovascular disease (1) (2) (3) . However, specific tests for the evaluation of cardiorespiratory fitness, such as cardiopulmonary exercise testing, have a lower degree of broad applicability due to the high cost, the time required for the evaluation and technical-operational logistics . The development of fast, simple tools for the determination of cardiorespiratory fitness, such as questionnaires and multiple regression equations, is of considerable importance due the favorable cost/benefit ratio and usefulness in epidemiological studies, especially in locations with inadequate infrastructure for advanced exercise testing (1, (4) (5) (6) . Based on these principles, Hlatky et al. (5) created a self-administrated questionnaire denominated the Duke Activity Status Index (DASI) in the United States. This index is employed to predict cardiorespiratory fitness and has been widely used for patients with cardiovascular disease (7) (8) (9) (10) (11) (12) (13) (14) .
In Brazil, however, there is a lack of tools for this purpose and an eminent need to assess the degree of cardiorespiratory capacity, especially in patients with cardiovascular disease; given it is the third leading cause of death in the country. There is also a need to find assessment tools that are widely employed in the scientific literature and validate such measures for use on patients in Brazil. Thus, the DASI seems to be one of the most adequate options for the Brazilian population. However, this index has not yet been submitted to translation and cross-cultural adaptation to Brazilian Portuguese (15) (16) (17) (18) (19) .
The present study aims at developing the Brazilian version of the DASI and cross-culturally adapting it for the evaluation of cardiorespiratory fitness among patients with cardiovascular disease in Brazil.
Materials and methods
This study received approval from the Human Research Ethics Committee of the Federal University of São Paulo (Unifesp), Brazil, under process number equation provided by the questionnaire to estimate peak oxygen uptake (VO 2peak ) during exercise. In the original study, a strong correlation (r = 0.80) was found between the DASI and VO 2peak obtained from the cardiopulmonary exercise test (gold standard) (5).
Translation and cross-cultural adaptation
The translation and cross-cultural adaptation of the DASI followed the procedures proposed for measures developed in other linguistic and socio-cultural contexts based on studies carried out by Guillemin et al. (15) , Guillemin (16) , Reichenheim and Moraes (17), Maher et al. (18) and Beaton et al. (19) . Figure 1 displays the flowchart of the translation and adaptation process.
The translation and adaptation process was performed in three steps:
a) Translation
Two duly qualified Brazilian translators fluent in English performed the translation of the DASI into Portuguese, focusing on a conceptual rather than literal translation. The translators received information on the objectives of the study and were instructed to be precise in their use of language. A review committee composed of three Brazilian health professionals with ample knowledge of English, blinded to the objectives of the study and with experience in the translation of questionnaires, evaluated the two translated versions of the DASI for the correction of possible errors that could lead to different results than those originally proposed. This committee then created a synthesis of the index in Portuguese based on the versions of the two translators.
b) Back-translation
The synthesis version was back-translated into English by two duly qualified native Englishspeaking translators in an independent fashion. The translators were not informed of the objectives of the study and had no access to the original version. The back-translated versions were then compared to the original version of the index by the review committee. Version 2 of the DASI in Portuguese was established following consensus among the committee members on each item of the index. 006/2009 in compliance with Resolution 196/96 of the Brazilian National Board of Health. All participants received information on the objectives of the study and agreed to participate by signing a statement of informed consent. The study was performed in two steps -translation and cross-cultural adaptation.
Participants
Two qualified Brazilian translators (laypersons in the field of knowledge in question) performed the translation of the DASI into Brazilian Portuguese. A review committee made up of three Brazilian physical therapists performed the content analysis of all steps of the translation process. All three members of the committee were university professors (experts with a Master's or Doctoral degree), with clinical experience in cardiorespiratory fitness and advanced knowledge of the English language. Two native-English speaking translators performed the back-translation of the DASI, both of whom were fluent in Portuguese and laypersons in the field of knowledge in question. The translated questionnaire was administered to a sample composed of middle-aged (44 to 65 years) male and female individuals (8 patients with a diagnosis of heart failure and 8 healthy individuals) for the semantic analysis of the items on the index. Patients were screened from outpatient Cardiac Surgery, São Paulo Hospital. A cardiologist made the heart failure diagnosis, based on clinical evaluation and ejection fraction, evaluated by echocardiogram. Patients were clinically stable at the time of study inclusion. Exclusion criteria were: having undergone surgical procedures in the previous six months, cognitive impairment, illiteracy and any orthopedic or rheumatologic condition.
Questionnaire
The DASI is composed of 12 items addressing personal care, household activities, sexual activity and recreational activities. The item scores are weighted based on metabolic cost measured in metabolic equivalents (METs). Each item receives a score ranging from 1.75 to 8.00 points in increasing order of METs. Responses of "no" are scored 0. The total score ranges from 0 to 58.2 points, with higher scores denoting greater functional limitation. The sum of the scores of the 12 items is used in the simple regression of semantic equivalence with the original questionnaire, but with difficulties on some items. Some activities were replaced with others of similar energy cost that were more suitable to Brazilian culture. The evaluation of the equivalence of the back-translated version to the original questionnaire revealed changes in the grammatical structure of some items. These changes were performed to achieve semantic, idiomatic, experimental and conceptual equivalence of the items (Table 2) . c) Cross-cultural adaptation Version 2 was submitted to semantic analysis to determine whether the terms used in the items and paragraphs were clear. Equivalence was determined through an evaluation of the degree of comprehension or possible doubts regarding each item. Since the DASI was designed as a self-administered questionnaire, the target population participated in this stage. For such, Version 2 of the questionnaire was administered to eight patients with heart failure and eight healthy individuals.
During the administration of the questionnaire, the participant and observer remained isolated and the participant read the items. The "face test" was used to evaluate the degree of comprehension and the option "question difficult to understand" was included on each item. After determining the level of semantic understanding of the questionnaire, the participants were asked to read and answer each item to determine whether comprehension of the questionnaire alone allowed the respondent to answer it properly or whether other associated factors were involved. Any questions and suggestions on the part of the respondent were recorded on the back of the questionnaire. Statistical analysis was performed with the SPSS 15 program to determine possible differences between the patients with heart failure and healthy individuals, using either the Mann-Whitney test or chi-square test, as appropriate.
Following the semantic analysis, the review committee analyzed the suggestions of the participants. Items interpreted as difficult to understand by more than 10% of the sample (15, 16) were reevaluated and rewritten by the committee, resulting in Version 3 of the questionnaire. This version was administered to the group of heart failure patients for analysis and suggestions for further changes. The final version of the questionnaire (Table 1) was determined when all items achieved a 90% approval rate.
Results
The evaluations of the review committee regarding the translation of the DASI indicated the occurrence 
Discussion
The DASI was adequately translated and adapted in accordance with discerning standards for cross-cultural adaptation to Brazilian Portuguese. A number of difficulties were encountered regarding the suitability of activities due to cultural differences. To resolve these issues, repeated changes to some items were required.
Scales and questionnaires designed to assess either general health or a specific disease have been widely employed (20, 21) . However, many of these assessment tools are not available in Portuguese. The translation and standardization of foreign assessment tools has garnered the interest of a number of Brazilian research groups. This structured process follows a particular sequence of actions (16, 19) . Indeed, a lack of rigor in the process can lead to biased results and problems, such as the inadequate administration of the measure or incongruence between the original and translated versions, thereby invalidating the use of the measure in other cultures. Moreover, cultural differences should be taken into account to ensure the suitable adaptation of the measure (20, 21) . In the present study, the choice of cross-culturally The sample was characterized by individuals aged ≥ 50 years who were mainly from the southeastern region of Brazil (62.5%) and were non-smokers (56.2%). Less than half of the cohort was considered physically active (43.75%). Regarding the understanding of the questionnaire, doubts were predominant among individuals with heart failure (75.0%) in comparison to the healthy individuals (12.5%). Items 9 and 11 generated the most doubt. On Item 9, the individuals questioned the equivalence between "picking up fallen leaves" and "doing yard work". On item 11, the participants questioned the equivalence between "kicking a ball" and "throwing a baseball or football". The patients with heart failure were also unclear as to whether they should take into account the level of fatigue caused when performing a task. The results of the administration of the DASI demonstrated better functional capacity in the healthy individuals. The median time required to fill out the questionnaire was similar between groups (120 seconds among the healthy individuals and 173.5 seconds among the heart failure patients; p = 0.24) ( Table 3 ). The final Brazilian version of the DASI is displayed in Table 1 . Note: Duke Activity Status Index is a self-administered questionnaire that measures a patient's functional capacity. It can be used to get a rough estimate of a patient's peak oxygen uptake.
beyond mere translation due to the need to preserve the semantic and conceptual structure of each item on the original questionnaire and the need to adapt the measure to another culture. The administration of the measure to a sample of the target population assists in the determination of possible errors and ensures the understanding of the measure by individuals with adapting the DASI rather than developing a new questionnaire was based on the possibility of comparing the findings with studies carried out in different countries. Moreover, the development of an original questionnaire is both time consuming and costly (22) . The translation and cross-cultural adaptation of a validated questionnaire is a complex process that goes studies involving other groups of patients with cardiovascular disease are needed to determine the validity and reliability of the Brazilian version of the DASI.
Conclusion
The DASI was satisfactorily translated and crossculturally adapted to Brazilian Portuguese. This index demonstrates adequate psychometric properties for the indirect evaluation of cardiorespiratory fitness in patients with heart failure. The administration of this measure can be accomplished in a short period of time and appears both reliable and valid. Moreover, the use of the DASI in the Brazilian cardiovascular patient population allows for comparison of data across different regions and cultures. different levels of schooling (20) . During the translation of the Brazilian version of the DASI back into English, a number of grammatical changes were necessary. These changes made the items more suitable to Brazilian culture in order to achieve semantic equivalence (between words), idiomatic equivalence (between different idiomatic expressions used in the different cultures), experimental equivalence (words adequate to the cultural context) and conceptual equivalence (validity of the concept explored and events experienced by laypersons) (23, 24) .
Studies have demonstrated that the DASI is correlated with the distance travelled on the Six-Minute Walk Test (r = 0.53) (10), B-type natriuretic peptide levels (r = 0.67) (13), the Canadian Cardiovascular Society Classification (r = 0.58) (7) and patient quality of life and survival (r = 0.64) (11) . Moreover, the questionnaire is sensitive to changes in functional status between the preoperative and postoperative periods of cardiovascular surgery (8, 12) and a predictor of the ability to return to work (14) . The close-ended questions allow the comparison of results with less variability and facilitate the process of filling out the questionnaire as well as analyzing, coding and transferring the responses to a computer system. However, the use of dichotomous scales on questionnaires addressing functional capacity can lead to imprecise results due to the inherent nuances in this type of evaluation. Thus, the data could be interpreted better using a cumulative scale with a number of response options in an increasing order of intensity for a given characteristic or activity (25) . Based on the present findings, the following instructions should be given to respondents prior to filling out the questionnaire: (i) answer YES for any activity that you have been able to perform most days in the previous month without becoming very tired; (ii) answer NO for any activity that you have not performed in the previous month or if you became very tired when performing the activity.
Limitations
One limitation of the present study resides in the fact that there was no adaptation of the weights of the scores, since such changes would hinder the comparison of the results of Brazilian studies with those carried out in English-speaking countries (25) . Moreover, the sample size was small and illiterate individuals were excluded. Thus, further
